Method and apparatus for heating glass panels in a tempering furnace 
equipped with rollers 

The invention relates to a method for heating glass panels in a tempering 
5 furnace equipped with rollers, said method comprising carrying the glass 
panels on a conveyor established by the rollers into a tempering furnace for 
the duration of a heating cycle, followed by carrying the glass panels into a 
tempering station, and heating the glass panels in the tempering furnace by 
J;;j means of bottom- and top-heating radiation elements, as well as by bottom- 

10 and top-heating convection elements whereby convection air is supplied into 
vB the tempering furnace. 
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'j' The invention relates also to an apparatus for heating glass panels in a tem- 

£3 pering furnace equipped with rollers, said rollers establishing a conveyor for 

15 carrying the glass panels into the tempering furnace, as well as into a tem- 
J;a pering station in communication with the tempering furnace, said tempering 

furnace being provided with radiation heating elements below and above the 
glass panel, as well as with convection heating elements below and above 
the glass panel whereby convection air is supplied into the tempering fur- 
20 nace. 

This type of method and apparatus are prior known from the Applicant's ear- 
lier patent publication US-5,951,734. This prior known method and apparatus 
are particularly suitable for heating top-coated, so-called Low-E glass panels, 
25 as the overhead convection heating effect can be profiled in a lateral direc- 
tion of the furnace. Patent publication US-4,505,671, for example, discloses 
the use of bottom convection heating accompanied by top convection heat- 
ing, but due to inconvenience caused by the rollers, the convection pipes 
have always been set in a lateral or transverse direction of the furnace, mak- 
30 ing the lateral profiling of bottom convention impossible. 



a 15 



: :: : 
TV? 



30 



It is desirable to provide a sub-glass convection jet, which enables a cross- 
furnace control over the heat transfer coefficient applied to the bottom side of 
the glass. 

A sub-glass convection jet, which enables a cross-furnace control over the 
heat transfer coefficient applied to the bottom side of the glass can be achieved 
through a method and an apparatus according to aspects of the present 
invention. Finnish Patent Application No. 20010528, filed March 16, 2001, 
discloses a method and apparatus and is incorporated by reference. 
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Exemplary embodiments of the invention will now be described in more detail 
with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic, cross-sectional, side view of a tempering furnace 
according to an embodiment of the present invention; 

Fig. 2 is a schematic, cross-sectional, front view of the tempering furnace of 



fU 20 Fig. 1; 

Fig. 2A is a schematic perspective view of a heating element according to an 
embodiment of the present invention; 

25 Fig. 3 is a schematic, cross-sectional, side view of a tempering furnace 
according to another embodiment of the present invention; 

Fig. 4 is a schematic, cross-sectional, front view of the tempering furnace of 
Fig. 3; and 



Fig. 5 is a schematic, cross-sectional view of a portion of a furnace according to 
an embodiment of the present invention showing establishment of top and 
bottom convection blasts relative to each other and to furnace components. 
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Detailed Description 
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Figs. 1 and 2 illustrate a tempering furnace 1 for applying a method of the 
invention, wherein a glass panel 7 is heated. The glass panel 7 is delivered 
into the furnace 1 by means of a conveyor established by rollers 6 which are 
lateral to the lengthwise direction of the furnace 1. In the depicted embodi- 
ment, the glass panel 7 is set in the furnace 1 in-an oscillating motion for the 
duration of a heating cycle. The furnace 1 is provided with an extension in 
the form of a tempering station 21, the glass panel 7 being transferred 
therein following the heating performed in a heating station. 

The tempering furnace 1 is provided with radiation heating elements 3 
mounted above the rollers 6, i.e. with top-heating radiation elements. These 
comprise preferably resistances which are lengthwise of the tempering fur- 
nace 1, but may also extend in a lateral direction of the tempering furnace 1. 
Above the rollers 6 are also mounted top-heating convection elements 5. 
These comprise preferably pipes 5 lengthwise of the tempering furnace 1, 
which are set at appropriate distances from each other in a lateral direction 
of the furnace. The pipes 5 have bottom surfaces thereof formed with ori- 
fices spaced from each other in a lengthwise direction of the pipe for releas- 
ing convection air from the pipe 5 in the form of jets and onto the glass 
panel's 7 top surface. The jets are directed to pass through spaces between 
the heating resistances 3, in the present case through each inter-resistance 
space. Optionally, the pipes 5 can be located below the resistances 3. The 
jets are directed either straight down or diagonally sideways. 

The tempering furnace 1 is provided with radiation heating elements 2 lo- 
cated below the rollers 6, i.e. with bottom-heating radiation elements. These 
are preferably also resistances lengthwise of the tempering furnace 1. Below 
the rollers 6 and/or the resistances 2 are located bottom-heating convection 
elements 4, 4a, 4b, 4c. These comprise pipes lengthwise of the tempering 
furnace 1, which are set in a lateral direction of the furnace 1 at appropriate 
distances from each other. The sections of the pipes 4 closest to the bottom 
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side of the glass 7 have their top surface formed with orifices spaced from 
each other in a lengthwise direction of the pipe for releasing convection air 
from the elements 4 as jets to the bottom side of the glass panel 7 and/or to 
the surfaces of the rollers 6. Each of such bottom-heating convection ele- 
ments defines convection heating zones A, B, CrD, E, F, G, H,I, J side by 
side in a lateral direction of the tempering furnace 1. The flow of convection 
air can be adjusted or regulated in a lengthwise direction of the pipes 4, i.e. 
with respect to zones at various positions, by dividing the pipe 4 lengthwise 
in discrete sections, which are supplied with different pressures for imple- 
menting a varying transfer of heat also lengthwise of the furnace. Alterna- 
tively, the lengthwise adjustment can also be implemented by means of jet 
orifices of varying sizes or by reducing or extending the relative distance be- 
tween the orifices, e.g. in such a way that along a part of the furnace length, 
especially at both ends of the furnace, a jet is delivered through every other 
inter-roller space, but along some of the furnace length, especially along the 
mid-section of the furnace, a jet is delivered through every inter-roller space. 

The amount of air matching that blown into the furnace 1 is exhausted, for 
example by way of discharge openings 22 present in the roof of the furnace 
1 or by way of counter-current heat exchangers 24 established in communi- 
cation with pre-heaters 15. 

At least the bottom-heating convection elements 4, 4a, 4b, 4c are provided 
with an elongated tubular heating duct 4b, wherein the advancing convection 
air warms up prior to its release from the pipe element 4 of the furnace 1. In 
communication with the pipe element 4b, preferably outside the furnace 1, is 
provided a valve 14 for adjusting the volume flow of convection air in a sin- 
gle convection heating element 4. A single valve can also be used for adjust- 
ing or regulating the volume flow of more than one element. In communica- 
tion with top-heating convection air pipes are also respectively provided 
valves 12 for adjusting the volume flow of convection air in a single (or 
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more) top-heating convection air element 5. Furthermore, at least bottom- 
heating convection air can be preheated by means of a pre-heater 15 set 
outside the furnace 1 in communication with the pipes 4b. The pre-heater 15 
can be a resistance heater. Thus, each convection heating zone A, B, C, D, E, 
F, G, H, I, J can be supplied with a zone-specificrsub-glass convection jet, 
which enables a cross-furnace control over the heat transfer coefficient ap- 
plied to the bottom side of glass. Separate zones may have different tem- 
peratures and/or different jet pressures and/or different timings for the ini- 
tiation, termination or duration of a jet. For example, the mid-section of glass 
can be subjected to a convection heat effect which is more intense than the 
one applied to the edges. Therefore, the jets applied to edge areas can be of 
shorter duration than those applied to mid-sections. The jet applied to the 
mid-section and the edges can be continuous, yet unequal in terms of its 
total duration, or the edges can be subjected to intermittent jets. 

In the exemplary embodiment of fig. 2A, the jet pipes 4 and the radiation 
heating elements 2 are combined in such a way that the jet pipe 4 is defined 
by a casing or a supporting structure for the radiation heating element 2. 
The jet orifices may have a wide variety of arrangements and orientations. In 
addition to or instead of a perpendicular jet, the jets may be directed diago- 
nally sideways and/or diagonally lengthwise. 

The valves 12 and 14 for the bottom-heating and top-heating convection 
elements 4 and 5 are controlled by means of a control system 10. The top- 
heating radiation elements 3 are provided with temperature sensors 23 or 
the like for measuring the temperature of the top-heating radiation elements 
3. When the glass panel 7 is delivered into the furnace, the radiation heating 
element 3 present thereabove is cooled by said glass panel 7 by as much as 
dozens of centigrades. Information regarding a change in the temperature of 
the radiation heating element 3 is transmitted by the temperature sensor 23 
along a data bus 20 to the control system 10, wherein the information re- 
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ceived from the sensor 23 is compared with a set value of the control system 
10, followed by increasing the power output of those radiation heating ele- 
ments 3 at which the measured value falls short of the set value. Thus, tem- 
perature differences and/or temperature changes (rapid cooling) of the ra- 
diation heating elements 3 provide the control system 10 indirectly with in- 
formation regarding the size, particularly the width of a glass panel brought 
into the furnace. Naturally, the loading pattern of a glass panel can also be 
read by means of separate optical or capacitive sensors located upstream of 
the furnace. A control command is transmitted from the control system 10 
along a data transfer bus 19 to each valve 14. The valve which is shut off is 
preferably one that regulates the flow of convection air of such a convection 
heating element 4/5 or such convection heating elements which have no 
glass panel in alignment therewith or whose jets would pass through be- 
tween switched-off resistances 2/3 or underneath the same at the respective 
location. The rest of the valves 14, which control the convection heating 
elements 4 positioned underneath the glass panel, are adjusted so as to pro- 
vide the bottom side of the glass panel 7 with a heating profile predeter- 
mined for this particular glass panel 7. The profile can be established either 
by applying a convection jet for a certain period of time to the bottom side of 
the glass 7 or by adjusting the volume flow and/or temperature of convec- 
tion air to comply with the heating profile. 

In the time-regulated profiling process regarding the heat transfer coefficient 
for the bottom side of a glass panel, some of the valves 14 can be open from 
the beginning of a heating cycle, and the rest of the valves 14 open up later 
during the heating cycle. This on/off regulation of the valves 14 can be fur- 
ther accompanied by a stepless regulation for volume flow or pressure. 

In the case of fig. 1, the pipe element 4b is passed below the resistances 2 
from the upstream end to the downstream end of a furnace and secured to 
the wall at the downstream of the furnace by means of a fastener 4d, the 
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actual pipe element 4 with jet orifices being passed from the downstream 
end to the upstream end of the furnace between the resistances 2 and the 
rollers 6. The pipe section 4 can be braced to a housing structure of the re- 
sistances 2. The pipe sections or elements 4 are positioned between the re- 
sistances 2 so as not to provide a substantial screen for upward directed ra- 
diation heat. Since the temperate of air flowing within the pipe element 4 no 
longer exhibits any major changes along the length of the pipe element 4, 
the lengthwise changes of the pipe element 4 as a result of thermal expan- 
sion shall remain insignificant at the furnace operating temperature. Thus, 
the blasting jets find their way accurately between the rollers 6. The attach- 
ments and dimensions of the pipes are naturally calculated in such a way 
that the blasting jets find the desired targets after the occurrence of thermal 
expansions appearing during the start-up of a furnace. Each inter-roller 
space may be provided with a plurality of orifices delivering the blasting jets, 
e.g. in view of producing jets issuing at an acute angle relative to each other 
and having an inclination which can be either in the lateral and/or longitudi- 
nal direction of a furnace. The jets may also hit the rollers 6 partially or to- 
tally. However, it is not advisable to aim the jets directly at the bottom sur- 
faces of the rollers, as this shall undermine the convection heating effect ap- 
plied to the bottom side of glass. 

The pressure of convection air prevailing in the bottom-heating convection 
elements is set by means of a regulator 13, which receives its control from 
the control unit 10 by way of a control line 18. The regulator 13 need not be 
a separate unit but, instead, it can be connected with every valve 14. The 
valves 14 may also be provided with a manual regulation system. 

The pressure level of convection air in the top-heating convection elements is 
set by means of a regulator 11, which receives its control from the control 
unit 10 by way of a control line 16. A control line 17 is used for controlling 
valves 12, which are operated for regulating a jet of convection air to indi- 
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vidual to-heating convection elements 5. This also enables a cross-furnace 
profiling of the heat transfer coefficient for the top side of glass, as described 
in more detail in the Applicant's patent publication US-5,951,734. 

The embodiment of figs. 3 and 4 only differs from that of figs. 1 and 2 in the 
sense that the pipe constituting a bottom-heating convection element is ex- 
tended within a furnace in such a way that the pipe element 4b is brought 
inside through the furnace floor at the mid-section of the furnace (as viewed 
in longitudinal direction). The pipe 4b is branched underneath the resistances 
2 in opposite directions for pipe branches 4b', which continue as upstanding 
pipe sections 4c' at the opposite ends of the furnace and continue further as 
pipe branches 4' directed from the furnace ends towards the mid-section of 
the furnace and located between the resistances 2 and the rollers 6 and are 
provided with jet orifices for directing air jets through between the rollers 6 
towards the bottom side of the glass panel 7. 

A third alternative, not shown in the drawings, for bringing the bottom- 
heating convection air pipes into a furnace is such that the pipes are brought 
inside the furnace alternately from the opposite ends of the furnace, 
whereby the directions of flow within the pipes inside the furnace are alter- 
nately opposite to each other in adjacent pipes. Consequently, the warming 
of air within the pipes does not cause imbalance in heating between the op- 
posite ends of the furnace. 

The top- and bottom-heating convection jet pipes 5 and 4 need not be in 
alignment with each other. On the other hand, the timing of their operation 
during a heating cycle is preferably effected in such a way that at the early 
stages of a heating cycle the convection heating is substantially more intense 
at the top side of the glass panel 7 and at the final stages of a heating cycle 
the convection heating is more intense at the bottom side of the glass panel 
7. The mutual relationship between top- and bottom-heating jet capacities 



9 



can be altered during a heating cycle, e.g. in such a way that the initially 
strong top-heating jet becomes weaker and close to the end of a heating 
cycle becomes stronger again, such that the bottom-heating jet can be in- 
tensified respectively more at the end of a heating cycle. As a consequence, 
the total transfer of heat improves and heating becomes faster while the bal- 
ance between top- and bottom-heating effects is maintained despite a strong 
bottom-heating jet at the end of a heating cycle. The mutual relationship 
between top and bottom heating requirements, as well as its fluctuation dur- 
ing a heating cycle, is characteristic of each type of glass. The bottom- 
heating jet can be rather weak in the beginning of a heating cycle and, after 
the half-way point of a heating cycle, the jet capacity can be increased in 
such a way that a graph representing the jet capacity as a function of time 
has an angular coefficient which is constant, stepwise changing, or continu- 
ously changing (more and more steeply rising curve), or any combination 
thereof. 

Fig. 5 illustrates how the bottom-heating pipe 4 has its blasting jets directed 
diagonally at a V-angle sideways, the jets hitting target points which lie on 
either side of the targeting line for air jets from the top-heating pipe 5. As 
the top-and bottom-heating jets hit targets that are spaced from each other 
in the lateral direction of a furnace, the creation of hot lines in the advancing 
direction of glass will be avoided or reduced and the heating effect can be 
distributed more evenly over the entire surface area of glass. The top- 
heating pipes 5 may blow their jets through between the top-heating resis- 
tances, while the bottom-heating pipes may launch their jets from above the 
bottom-heating resistances. 



